A dispersive laser Raman system was designed and constructed using a helium-neon (He-Ne) laser as an excitation source, and an interference filter in the reflection mode for Raleigh filtering instead of the more common holographic notch filter. A commercially available spectrograph equipped with a cooled CCD camera was used to acquire the Raman spectra. The constructed laser Raman spectrograph was found to have excellent performance and sensitivity. Stokes Raman spectra of some common chemicals were acquired by the system, and the wavelengths of spectral lines agreed well with the literature values, within experimental error. The useful spectral range of the system is about 200-4000 cm -1 . It was also possible to acquire anti-Stokes Raman spectra of one chemical (CCl 4 ) without much difficulty. We hope to use the system for chemical identification of molecules as well as quantitative chemical analysis. To our knowledge, this is the first laser Raman system constructed in Bangladesh.
INTRODUCTION
Raman effect was discovered by C.V. Raman in 1928 (1) when he observed weak radiation at longer wavelengths when filtered sunlight was used to illuminate a liquid. It was soon found that the frequency shifts were characteristic of the molecules in the liquid, and thus the Raman spectra could be used to identify chemicals. Nowadays, Raman spectroscopy is widely used for many different applications including analytical chemistry, material science, biochemical, medical-and forensic applications. (2) (3) Initially, mercury arc lamps, (4) and later, lasers (5) (6) were used as sources of monochromatic radiation in Raman spectroscopy. Since Rayleigh scattering of the very strong excitation light tends to mask the weak Raman lines, double and triple monochromators were often used (7) (8) to effectively eliminate the Rayleigh-scattered light in Raman spectroscopy. Since 1992, holographic notch filters, (9) having a very high attenuation of the Rayleigh line, has been increasingly used for Rayleigh filtering in a laser Raman system. A holographic notch filter works only at a certain wavelength and is an expensive and relatively rare item, costing more than 500 dollars each.
In this work, we used a conventional interference filter in the reflection mode for Rayleigh filtering instead of the notch filter in conjunction with a dispersive spectrograph to construct a laser Raman spectrographic system. We describe its design, construction and operation, and present the results of measurements performed by it.
EXPERIMENTAL
The schematic diagram of the laser Raman system is shown in Fig. 1 . Monochromatic light (at λ = 632.8 nm) from a 20 mW unpolarized helium-neon laser (Uniphase) is focused by a short-focus (f = 50 mm) lens L1 on the liquid sample kept in a Fig. 1 . Schematic diagram of the constructed Raman system. IF is the interference filter, L2 is the collection lens, L3 is the focusing lens.
suitable sample holder (quartz or borosilicate glass bottles). Light scattered at 90 degrees to the incident laser beam was collected by another short-focal length lens L2 (f = 50 mm, d = 50 mm) and collimated. The light, which contains Rayleigh as well as Raman scattered light, is incident on the 3-cavity dielectric interference filter IF (diameter 25 mm, Coherent). The filter has a peak transmission of 80% at 632.8 nm and a FWHM of about 6 nm. As a result of multiple interference inside the filter, light in a narrow band of wavelengths near 632.8 nm (Rayleigh-scattered light) is mostly transmitted through it, while light outside this band is mostly reflected. The reflected light, containing the Raman-scattered energy, is directed by a mirror M towards the spectrograph input. The light is focused on the input slit of the spectrograph by the lens L3 (f = 75 mm). The entire optics on the input side is inside a light-tight box in order to reduce the effect of stray light which can interfere with the sensitive Raman measurements. The box has a door on one side and by opening it sample vial can be placed in the system for examination.
The spectrograph (Acton 2750SP) is a Czerny-Turner system using an inter- Initial alignment of the system was performed by observing the fluorescence of a Rhodamine 6G dye placed at the position in the sample and excited by a small CW 532 nm Nd: YAG laser. The strong fluorescence signal from the dye was visually observed and directed to the interference filter. After reflection from the filter, the signal was visually observed, in sequence, to fall on the mirror M, lens L3 and on the input slit of the spectrograph. Finally, the spectrograph was turned on to observe the fluorescence spectra of the dye (Fig. 2a) . The notch centered on 633 nm on the broadband fluorescence spectrum, is of course, due to the action of the interference filter working in the reflection mode. The rejection ratio of the filter (the ratio of the transmitted intensity on the both sides of the rejection band to the residual transmitted intensity at the center of the blocked band around 633 nm) was estimated by performing the necessary measurements on the fluorescence spectrum, taking the background noise into account.
The rejection ratio was found to be about 9. 
RESULTS AND DISCUSSION
We placed reagent-grade benzene (Merck) in a glass sample bottle and acquired spectra for 60 sec. The recorded spectrum, centered on 1500 cm -1 , is shown in Fig. 3 Next, we acquired the Raman spectra of toluene, which is a derivative of benzene. In toluene, due to the presence of the CH 3 group, the frequency of the dominant Raman mode was shifted to 1005 cm -1 from 993 cm -1 as compared to benzene. This shift can be used to distinguish toluene from benzene in an unknown sample spectroscopically. The entire glued spectrum of toluene is shown from 200 cm -1 to 3000 cm -1 in Fig. 4 . Fig. 4 . Raman spectrum of a reagent-grade toluene sample acquired within 60 sec.
Raman spectra of common chemicals such as, ethyl alcohol, glycerine, n-hexane and cyclohexane are shown in Fig. 5 . The main features of these spectra are : 883 cm -1 for ethanol (due to C-C-OH skeletal vibration), 1470 cm -1 for glycerine (due to CH 2 -butterfly mode), 1458 cm -1 for n-hexane (due to CH 2 -scissors modes), and 1268 cm -1 for cyclohexane (due to CH 2 -wag vibrations). (10) As a final example, we acquired Raman spectra of carbon tetrachloride (CCl 4 ) ( 
In order to observe anti-stokes Raman lines, we blocked the laser, and moved the spectrograph grating to the anti-stokes side of the 633 nm excitation line. We were able to observe the anti-stokes Raman spectra after a 60 sec acquisition time (Fig. 6b) . The lines were of lesser intensity compared to the Raman lines, as expected, and according to the theory of Raman effect, their relative intensity compared to stokes lines is a measure of the temperature of the sample. This also shows that the interference filter has roughly symmetric response on both sides of the laser line, as can be inferred from the calculated notch function in Fig. 2b . 
CONCLUSION
In the present paper, we have shown that it is possible to construct a simple laser Raman system using an interference filter, and commercially available spectrograph and a He-Ne laser. The Raman system was found to have excellent performance and is able to acquire spectra of liquid samples with adequate accuracy and sensitivity. It should be possible to use the system for chemical identification of unknown compounds in a solution. We hope to use the system for a host of new applications, such as determination of composition of petrochemical products, analysis of edible oils and food stuffs, detection of pollutants in surface water, to name a few.
